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Lisianthus is a crop that has acquired importance as a cut flower throughout the world. In Europe, 50 million stems are cultivated as cut flowers; Holland, Spain, Italy, Portugal, and France are the main producing countries (Namesny, 2005) .
The use of sucrose as a sugar in holding solutions is a usual practice to extend the vase life of cut flowers (Macnish et al., 2008; Mayak and Dilley, 1976) . A requirement for carbohydrates was demonstrated in cut flowers of petunia (Weiss and Haley, 1991) , snapdragon (Sang et al., 1991) , and Lisianthus (Jamal Uddin et al., 2001) .
The postharvest life of cut flowers is often limited by an accumulation of bacteria in hydration solutions and flower stems (Halevy and Mayak, 1981) . Various antimicrobial compounds have been described to extend vase life of cut flowers such as chlorine (e.g., sodium hypochlorite), which when used in vase water can reduce the number of bacteria and increase flower longevity (Halevy and Mayak, 1981) . On the other hand, the efficacy of sodium hypochlorite is relatively poor in acidified (e.g., pH 3 to 4) solutions that are typically recommended for hydrating cut flowers (Nowak and Rudnicki, 1990; White, 1999) , and it has low efficiency as a disinfectant agent with organic matter. In addition, it can be phytotoxic to flowers (Knee, 2000; van Doorn et al., 1990) . The chlorine vapors produce irritation to the skin and respiratory tract. Some trihalomethanes such as chloroform (CHCl 3 ) and bromodichloromethane (CHBrCl 2 ) may be carcinogenic, mutagenic, teratogenic, or toxic according to numerous studies. In addition, a direct relationship has been found between these substances and the incidences of bladder cancer and congenital anomalies (e.g., Carpenter and Beresford, 1986; Chu et al., 1982; Dunnick and Melnick, 1993; Maxwell et al., 1991; Pilotto, 1995; Ritter et al., 2002; Villanueva et al., 2000) . The Environmental Protection Agency (EPA, 1998) has established a limit of 60 mgÁL -1 for chloroform and 40 mgÁL -1 for bromoform as a medium risk of contracting cancer. The Council of the European Union's maximum acceptable values for total trihalomethanes is 100 mgÁL -1 (EECD, 1997). Apart from environmental health problems, chlorination also has a limited effect on reducing micro-organisms on the surface of fruits and vegetables (Sapers, 2001 ).
Greenspan and Margulies patented peracetic acid in 1950 for treating fruits and vegetables to reduce spoilage from bacteria and fungi (Greenspan and Margulies, 1950) . It had been used for purposes ranging from disinfestation of bulbs and nematodes (Hanks and Linfield, 1999) to prevention of other horticultural diseases through disinfecting potting soil and cleaning irrigation equipment (Larose and Abbot, 1998) . Although there is a long history of peracetic acid's experimental field use as a fungicide/bactericide, its efficacy has only recently been established. Hei (2000) reported the use to control horticultural diseases in field-or greenhouse-grown plant tissue, seeds, fruits, and growing media and containers. Mixed peracid or peracetic systems are made with peracetic acid (PAA), hydrogen peroxide, and acetic acid. This mix is virtually unaffected by changes in temperature, even in the presence of organic matter (Rodgers et al., 2004) . PAA breaks down when it oxidizes organic material and then finally decomposes to carbonic anhydride and water. Spanish regulations allowed the use of hydrogen peroxide and peracetic acid in the drinking and washing water of fruits and vegetables (AENOR, 2005; BOE, 2003) . The Environmental Protection Agency (EPA, 1998) authorizes the use of peroxyacetic acid-based additives for fruits and vegetables and washed water (Tsunami Ò 100; Ecolab, Barcelona, Spain). In addition, it is well known that PAA is an oxidant and disinfectant that is more efficient than chlorine or chorine dioxide (Kitis, 2004) .
The objective of the present study was to investigate the vase life of different cultivars of Eustoma grandiflorum flowers as influenced by peracetic acid in the holding solution in comparison with hypochlorite sodium. PAAs are presumed to reduce the accumulation of bacteria in water and flower stems while, at the same time, limiting environmental impact as a result of their low toxicity and health safety. In addition, sucrose was also added to the holding solution to extend vase life, which allowed the disinfestation by sodium hypochlorite versus PAA to be evaluated in the presence of organic matter.
Materials and Methods
Plant material. Lisianthus plants were grown at the University of Almería (Almería, Spain). Seedlings were cultivated in perlite and harvested on 4 Oct. 2006 and 4 June 2007 for Expts. 1 and 2, respectively. The Lisianthus cultivars were: Mariachi Blue, Mariachi Green, Mariachi Blue Picotte, Mariachi Pink, Rosita White, and Piccolo White 1. The selection of these cultivars and crop dates were under commercial consideration from Sakata Ornamental Seeds, Ltd. (Valencia, Spain).
General processing. All vase life experiments were performed in three replicates with 18 stems placed per vase.
Flowering stems were cut with one flower and a second opening, placed in water, and brought, in water, into the laboratory. The flowering stems were at commercial maturity and %70 cm long. In the laboratory, the stems were recut in air and immediately assigned at random to each treatment depending on the experiment. The container for vase life was filled with 1.5 L of treatment solution, refilled every 2 d, and completely renewed weekly. Every 2 d, the number of flowers was counted and wilting and/or drooping flowers were removed. Criteria used to determine the end of vase life of each replicate was when the number of flowers per vase was less than six. Maximum flowering was recorded when it had the highest number of open flowers.
The stems were held in an air-conditioned room at 25°C and relative humidity %80%.
Experiments and chemical treatments. Two different experiments were carried out. The first took place with the Mariachi Series: 'Blue', 'Green', 'Blue Picotee' and 'Pink'; the second used 'Rosita White' and 'Piccolo White 1'. The control plants (T1) were supplied with tap water. Treatment 2 (T2) was identical to T1 plus 3% sucrose. The third (T3) and fourth (T4) treatments contained the addition of sodium hypochlorite (1 mLÁL -1 with 12.5% free chlorine concentration; Brenntag Quí-mica SA, Sevilla, Spain) and a stabilized peracetic mixed system (0.1 mLÁL -1 from VR2828 Ò ; Ecolab) with a.i. 5% peracetic acid and 24% hydrogen peroxide, respectively.
Experimental design and data analysis. All experiments were carried out under a randomized complete block design within a controlled environmental room according to Little and Hills (1987) and Petersen (1994) .
The least significant difference test was used to separate means within experiments and STATGRAPHICS Plus Version 5.1 statistical package was used to process data (Statistical Graphics Corp., 2006).
Results and Discussion
Among cultivars of Expt. 1, the number of buds that opened flowers was significantly different (P < 0.01); in contrast, no significant differences were found for cultivars in Expt. 2 (Table 1 ). In Expt. 1, the Mariachi Blue cultivar was the Lisianthus that had more flowers per stem. In Expt. 1 (considering all treatments), the order of cultivars from more to less flowers per stem was: 'Mariachi Blue' = 'Mariachi Green' $ 'Mariachi Blue Picotee' = 'Mariachi Pink'.
Except for 'Mariachi Blue' and 'Mariachi Green' (in Expt. 1), the remaining cultivars showed a significant difference in number of flowers per stem when sucrose was supplied in the vase solution (P < 0.01). Sucrose increased the number of flowers from 30% for 'Mariachi Blue Picotee' and up to %40% for 'Mariachi Pink'. These results agree with the reported difference in cut flowers (Sang et al., 1991; Weiss and Haley, 1991) , and Lisianthus (Jamal Uddin et al., 2001 ).
The addition of disinfectant agent, sodium hypochlorite, and PAA in the vase solution did not improve the number of open flowers.
The time needed for the stem to show maximum flowering was only slightly affected by the different treatments (Table 2 ). In only two of five cases was a significant difference found. 'Piccolo White 1', in Expt. 2, required more time (%4 d, P < 0.01) to reach the phase of maximum flowering when sucrose was supplied in the vase solution. On other hand, cultivars treated with sodium hypochlorite and sucrose (in Expt. 1) needed more time (%2 to 3 d) to get to this same phase than when PAA was used. Considering the control stems (T1), there were significant differences among different Lisianthus cultivars (%50%, Expt. 2; and 25%, Expt. 1). So, the time necessary for flower opening was related to the cultivar more than to the different treatments.
Placement of flowers, in Expts. 1 and 2, into vase water containing 3% sucrose extended vase life by 12% and 50%, respectively (Table 3) . This was in accordance with reports by different authors (Jamal Uddin et al., 2001; Sang et al., 1991; Weiss and Haley, 1991) . Values are the mean of three blocks with 18 stems per replicate. T1 = tap water; T2 = tap water + 3% sucrose; T3 = tap water + 3% sucrose + 1 mLÁL -1 sodium hypochlorite; T4 = tap water + 3% sucrose + 0.1 mLÁL -1 peracetic mixed system; LSD = least significant difference; NS = nonsignificant. Values are the mean of three blocks with 18 stems per replicate. T1 = tap water; T2 = tap water + 3% sucrose; T3 = tap water + 3% sucrose + 1 mLÁL -1 sodium hypochlorite; T4 = tap water + 3% sucrose + 0.1 mLÁL -1 peracetic mixed system; LSD = least significant difference; NS = nonsignificant. Except for 'Rosita White' in Expt. 2, all treatments with vase water disinfestations increased vase life (P < 0.01). Different grades of effects were found in each cultivar. 'Mariachi Blue' and 'Piccolo White 1' showed the longest longevity after treatment with disinfestation solutions (T3 and T4) than when only sucrose (T2) was used. The extension of cut flower vase life longevity by biocidal compounds has previously been described (e.g., sodium hypochlorite, Halevy and Mayak, 1981; chlorine dioxide, Macnish et al., 2008) . There were no significant differences when T3 and T4 were compared. However, stabilized hydrogen peroxide and PAA mixtures are more environmentally friendly, and, consequently, the use of PAA is more suitable than sodium hypochlorite. A similar idea has been reported by Eguía et al. (2007) , who compared sodium hypochlorite as a biocide, but in a different context (used on biofilms in pipes).
Conclusion
Lisianthus is an attractive cut flower with a considerable length of vase life (%2weeks). This can be extended by 15% to 50% with the addition of sucrose (3%) to the vase solution and up to 30% to 55% if stabilized hydrogen peroxide and peroxyacetic acid is also incorporated.
PAA can be a useful alternative to sodium hypochlorite for vase solutions because it is without the health drawbacks of trihalomethanes. After its use, the emission of PAA is environmentally friendly, because it forms biodegradable acetic acid after decomposition and eventually enters the medium as atomic oxygen.
